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Abstract. Veterinary pathology tissue banks are valuable resources for genetic studies. However, 
limited data exist as to whether quality DNA can be extracted from these tissues for use in canine 
genotyping studies. We extracted DNA from 44 formalin-fixed, paraffin-embedded (FFPE) 
tissue blocks from dogs; 9 of these dogs had DNA available from whole blood samples that had 
been banked. We genotyped DNA from 30 of 44 tissue blocks and 9 whole blood samples on the 
Illumina CanineHD BeadChip; DNA quality was insufficient in 14 of 44 samples from tissue 
blocks. There was significant correlation between the 260/280 ratio and single-nucleotide 
variation (SNV) call rate (p = 0.0276; r2 = 0.162); 23 of 30 samples from FFPE were genotyped 
with >65% call rates. Median pairwise identical-by-state (IBS) analysis was 0.99 in 8 pairs with 
dog call rates >65%. Neither age of tissue block nor specific tissue types were associated with 
significant differences in DNA concentration, 260/280 ratio, or SNV call rate. DNA extracted 
from tissue blocks can have variable quality, although comparable levels of homozygosity 
suggest that extracts from FFPE with call rates >65% might provide similar results to samples 
from whole blood when analyzed on the Illumina CanineHD BeadChip.
Key words: canine; DNA extraction; formalin fixation; genetics; genome.
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Genetic studies are gaining popularity in veterinary medicine with the development and 
application of advanced molecular techniques. Newer applications of molecular technology, such 
as genome-wide association study and whole-genome sequencing, have provided new insight 
into the heritability of disease in veterinary species. However, because of the reliance of these 
techniques on high-quality DNA, specimens must generally be collected prospectively; 
alternatively, banked DNA that has been extracted from fresh specimens must be used. 
Veterinary pathology tissue block repositories provide a wealth of tissue material for evaluation 
using conventional pathology techniques but are undeveloped resources for the application of 
genome studies. Veterinary teaching institutions and commercial laboratories bank thousands of 
tissue blocks each year, and new opportunities for such studies exist if high-quality DNA can be 
recovered from these tissue blocks. Genome studies within a single breed can be performed with 
small sample sizes,7 but analytical power is enhanced by large sample sizes. The availability of 
DNA from tissue banks would also allow investigation of uncommon diseases with potential 
translational application to human medicine.5 Previous studies have documented the use of 
formalin-fixed, paraffin-embedded (FFPE) tissues for molecular techniques, such as PCR in 
veterinary medicine1-3 and medical studies of tumor-bearing people,8,9 but there is a lack of 
published data about the use of these tissues for veterinary single-nucleotide variation (SNV) 
array genotyping.
The optimal quality of DNA samples submitted for SNV array genotyping in canine 
studies is not well defined. SNV array genotyping generally requires 50 μg of DNA, and, 
anecdotally, 260/280 ratios >1.7 result in adequate call rates. When DNA samples submitted for 
SNV genotyping result in call rates >95%, they are generally accepted as high quality4,6,7; 
Page 3 of 15 Journal of Veterinary Diagnostic Investigation
For Peer Review
Page 4 of 11
however, studies in human medicine have suggested that call rates >65% might be adequate for 
SNV array genotyping from FFPE samples.9
Herein we describe the methods used to extract DNA samples from canine FFPE 
samples. We hypothesized that DNA extracted from FFPE tissue blocks could be used for SNV 
analysis using the Illumina CanineHD BeadChip. Our project was undertaken to increase the 
sample size of a study of genetic susceptibility to disseminated fungal infections in German 
Shepherd dogs.
The veterinary medical record system at the University of California–Davis, Veterinary 
Medical Teaching Hospital (VMTH) was searched to find both autopsy and biopsy samples 
using the keywords “Aspergillus”, “aspergillosis”, and “fungal”. The medical record system was 
searched for patient visits and specimens submitted between 1983 and June 2017. Our search 
revealed 138 hits, representing 34 individual cases. Of these, 10 were excluded because they 
were localized sinonasal or bronchopulmonary disease. Tissue blocks were found in the 
repository from 23 of the 24 dogs with disseminated aspergillosis (19 acquired at autopsy, 4 via 
biopsy); 1 tissue block could not be recovered. The database was searched a second time, 
limiting the breed to German Shepherd dogs to identify control dogs. We cross-referenced these 
dogs to our database of previously banked DNA from whole blood to identify dogs from which 
we would have paired samples (whole blood and FFPE extracted).
Our data are presented with descriptive statistics using median and interquartile range 
(IQR) for nonparametric data or mean and SD, as appropriate. Comparisons between groups 
were made using the Mann–Whitney U or Student t-test, as appropriate. Comparisons between 
blood- and FFPE-extracted specimens from the same dog were made using a paired Student t-
test. Linear regression was used to assess the relationship between continuous variables. 
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Relationships between the presence of tissues of interest and call rate, DNA concentration, and 
260/280 ratio were evaluated using one-way ANOVA. All statistical analyses were performed 
using commercial software (SAS v.9.4; SAS Institute). Autosomal homozygosity and degree 
identical-by-state (IBS) were assessed using Plink (v.1.9; Shaun Purcell). To compare the quality 
of SNV reads, the difference in homozygosity and heterozygosity between whole blood and 
FFPE samples was calculated, notated as  homozygosity and  heterozygosity, which were 
compared between samples with call rates ≥65% and <65%; this was used as an indicator of 
agreement between genotyping calls; p ≤ 0.05 was considered significant.
From the 44 blocks (23 cases and 21 controls), six 5-μm thick scrolls of tissue sections 
were obtained from the VMTH pathology service. To prevent DNA cross-contamination of 
specimens, the microtome was cleaned (RNase away; Molecular Bioproducts) between each 
tissue block. When available, scrolls with spleen, liver, bone marrow, and lymph node were 
requested because of the suspicion that these organs would contribute higher DNA 
concentrations given their high leukocyte density. For biopsy specimens, any available tissue 
was requested. Given that most tissue blocks were obtained at autopsy, most contained ≥1 tissue 
(median: 2; range: 1–6). The date of acquisition and tissues present within the FFPE block were 
recorded.
Initially, DNA extraction was attempted on 6 tissue blocks of unaffected dogs (QIAamp 
DNA blood mini kit; Qiagen). Approximately 25 mg of tissue was manually trimmed from the 
embedding paraffin, and the scrolls were deparaffinized using 3 cycles of xylene wash. 
Following extraction, DNA concentration and quality were assessed using optical 
spectrophotometry (NanoDrop; Thermo Fisher Scientific). The mean concentration of DNA 
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from these samples was 3.65 g/L (±3.57), and the 260/280 ratio was 1.61 (±0.38). These 
results are not included in the subsequent analysis.
Given marginal yields using this extraction technique, we then used another kit (Quick-
DNA FFPE kit; Zymo Research). In brief, this kit uses a proprietary deparaffinization solution, 
followed by tissue digestion (proteinase and RNase) and DNA purification. This process resulted 
in 50 L of eluted DNA in buffer solution. DNA for controls from whole blood was extracted 
using the QIAamp DNA blood mini kit. Extracted DNA was stored at –20°C until it was used for 
SNV array.
DNA extracted from all FFPE tissues had a median concentration of 57.3 μg/L (IQR: 
21.3–144.9) and 260/280 ratio of 1.81 (IQR: 1.75–1.89). Given the poor extraction from some 
FFPE-extracted samples, only DNA with a concentration >15 μg/L and 260/280 ratio >1.6 was 
submitted for SNV analysis (n = 30). In this subsection of FFPE-extracted DNA, the median 
concentration was 75.5 μg/L (IQR: 47.1–174.9) with a median 260/280 ratio of 1.80 (±0.084). 
DNA extracted from whole blood from 1 case and 8 control dogs was also submitted for 
genotyping to compare call rates. The median DNA concentration from this whole blood was 
215 μg/L (IQR: 107–305) with a median 260/280 ratio of 1.88 (IQR: 1.88–1.91).
In total, 30 DNA extracts from FFPE tissue blocks were submitted for genotyping 
(Illumina CanineHD BeadChip; Neogen Genomics). Of these, 9 extracts were matched with 
DNA extracts from whole blood. Overall, the FFPE extracts resulted in a median call number of 
166,647 (IQR: 144,227–200,539) with a rate of 75.5% (IQR: 65.3–90.8%; Suppl. Table 1). Of 
the 30 total FFPE extracts submitted for SNV analysis, 23 resulted in a call rate >65%. There 
was significant weak correlation between 260/280 ratio and call rate (p = 0.0276; r2 = 0.162; Fig. 
1). The call rate was not significantly affected by DNA concentration (p = 0.10).
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Of the paired FFPE and whole blood DNA extracts, DNA concentrations and 260/280 
ratios were consistently higher in extracts from whole blood than those from FFPE (median 
difference: 83.5 g/L and 0.1, respectively). All DNA extracts from whole blood had call rates 
>95% (median: 98.3%; IQR: 98.3–98.6%) and 260/280 ratios greater than our arbitrary cutoff of 
1.6 (mean: 1.89 ± 0.027; Suppl. Table 1). Eight of 9 FFPE extracts had call rates >65%. The 
mean  homozygosity for all matched paired extracts was 17,807 (±16,919). Delta-
homozygosity was lower in samples with call rates >65% (13,957 ± 13,217) when compared to 
the matched pair with a call rate <65% (48,607; p = 0.04). The mean  heterozygosity for all 
matched paired extracts was 4,127 (±4,045). Delta-heterozygosity was similar in samples with 
call rates >65% (3,7881 ± 4,180) when compared to the matched pair with a call rate <65% 
(6,899; p = 0.50). Overall, for the matched extracts, the median IBS was 0.99 (IQR: 0.96–0.99).
In total, 25 FFPE blocks had tissue from organs of interest (liver 13, spleen 22, bone 
marrow 1, lymph node 5). The presence of none of the tissues was associated with significant 
differences in DNA concentration, 260/280 ratio, and call rates. The age of FFPE blocks was 1–
24 y (median: 7.5). There was no significant relationship between age of tissue blocks and DNA 
concentration (p = 0.68), 260/280 ratio (p = 0.84), or call rates (p = 0.15) from the FFPE 
samples.
We demonstrated that DNA extracted from FFPE tissue blocks can be used for veterinary 
genomic studies such as SNV array genotyping, although genotyping rates are much lower than 
those from blood samples. This result is similar to results of studies of FFPE DNA extraction and 
SNV array genotyping from human samples. In previous studies, mean call rates from FFPE 
samples were 69.4–83.4%, lower than call rates from fresh frozen (FF) tissue samples (89.4–
93.6%).8,9 These studies demonstrated a high rate of agreement in genotyping between FF and 
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FFPE samples with a positive relationship between call rate and genotyping agreement. The 
quality of DNA extracted cannot be predicted based on tissue type or specimen age, but higher 
260/280 ratios are weakly but positively correlated with SNV call rate. The clinical implications 
of this association are unclear but suggest that protein contamination, along with other factors, 
influences call rates in DNA extracts from FFPE tissue blocks.
A limitation of genotyping from FFPE tissues is the intrinsic degradation of DNA caused 
by formalin. This might also be exacerbated by tissue digestion leading to DNA fragmentation. 
In our study, we were only able to extract DNA of sufficient concentration and quality for SNV 
analysis in 30 of 44 tissue block samples. Despite this screening, only 23 of these 30 samples 
resulted in call rates >65%, resulting in an overall genotyping rate of 52%. We only evaluated 2 
methods of DNA extraction from FFPE tissues; a broader comparison of kits and methods should 
be performed to assess the ability to genotype animals using different approaches. Although 
whole blood and FFPE extract SNV calls were not directly compared, comparable levels of 
homozygosity (indicated by lower  homozygosity) suggest that extracts with call rates >65% 
provide similar results when analyzed on the Illumina CanineHD BeadChip.
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Figure 1. Results of DNA extraction from 30 formalin-fixed, paraffin-embedded tissue 
blocks. This scatterplot depicts a linear regression modeling single-nucleotide variation call rate 
on the y-axis as predicted by DNA 260/280 ratio on the x-axis, with slope of 0.6903 and 
intercept of –0.457 (p = 0.0276; r2 = 0.162). The blue shading indicates 95% CIs.
Figure 2. Results of DNA extraction from 44 formalin-fixed, paraffin-embedded (FFPE) 
tissue blocks. A. This dot plot depicts the concentration (μg/μL) of DNA extracted from all 44 
FFPE tissue blocks. B. This dot plot depicts the 260/280 ratios of DNA extracted from all 44 
FFPE tissue blocks. Only the 30 samples with concentrations >15 μg/μL and 260/280 ratios >1.6 
were submitted for single-nucleotide variation array genotyping.
Supplementary Table 1. Individual data from single-nucleotide variation analysis of 
DNA extracted from formalin-fixed, paraffin-embedded (FFPE) canine tissues (A) and whole 
blood (B), for matched pairs. Identical-by-state (IBS) coefficient notates similarity between 
FFPE and blood samples.
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Supplementary Table 1. Individual data from single-nucleotide variation analysis of DNA extracted from formalin-fixed, paraffin-
embedded (FFPE) canine tissues (A) and whole blood (B), for matched pairs. Identical-by-state (IBS) coefficient notates similarity 
between FFPE and blood samples. 
ID 
DNA 
concentration 
(μg/μL) 260/280 ratio No call Call Call rate AA AB BB 
Minor 
frequency 50 GC 10 GC IBS
1A 289.9 1.82 4,023 216,830 0.982 0.329 0.239 0.433 0.448 0.895 0.530 
1.000 
1B 1280 1.92 3,121 217,732 0.986 0.330 0.237 0.432 0.449 0.897 0.535 
2A 180.3 1.61 50,331 170,522 0.772 0.235 0.325 0.440 0.398 0.784 0.131 
0.960 
2B 86 1.9 9,446 211,407 0.957 0.345 0.213 0.443 0.451 0.881 0.493 
3A 29.3 1.73 45,771 175,082 0.793 0.269 0.317 0.415 0.427 0.798 0.146 
0.960 
3B 215.2 1.88 3,854 216,999 0.983 0.341 0.219 0.440 0.450 0.893 0.530 
4A 23.5 1.65 64,677 156,176 0.707 0.299 0.261 0.441 0.429 0.745 0.105 
0.946 
4B 107 1.87 3,680 217,173 0.983 0.338 0.222 0.440 0.449 0.894 0.531 
5A 57.8 1.83 11,209 209,644 0.949 0.350 0.196 0.454 0.448 0.877 0.437 
0.997 
5B 96.2 1.91 3,715 217,138 0.983 0.357 0.185 0.458 0.450 0.895 0.531 
6A 174.9 1.87 14,251 206,602 0.936 0.289 0.311 0.401 0.444 0.869 0.390 
0.996 
6B 132.9 1.88 3,843 217,010 0.983 0.297 0.298 0.405 0.446 0.894 0.530 
7A 47.1 1.76 88,973 131,880 0.597 0.199 0.398 0.403 0.398 0.583 0.0840 
0.776 
7B 304.9 1.85 3,186 217,667 0.986 0.344 0.209 0.447 0.449 0.897 0.534 
8A 79.3 1.8 3,742 217,111 0.983 0.319 0.260 0.421 0.449 0.895 0.530 1.000 
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8B 244.2 1.88 2,890 217,963 0.987 0.320 0.259 0.421 0.450 0.897 0.536 
9A 244.9 1.83 27,445 193,408 0.876 0.287 0.298 0.416 0.436 0.847 0.259 
0.987 
9B 304.9 1.94 2,966 217,887 0.987 0.324 0.250 0.425 0.450 0.897 0.534 
10 57.2 1.76 59,981 160,872 0.728 0.290 0.284 0.426 0.432 0.759 0.115  
11 102.1 1.78 56,613 164,240 0.744 0.268 0.292 0.440 0.414 0.767 0.118  
12 144.4 1.77 59,105 161,748 0.732 0.296 0.282 0.425 0.434 0.755 0.113  
13 95.1 1.8 51,799 169,054 0.766 0.271 0.295 0.434 0.419 0.783 0.131  
14 86.2 1.8 20,314 200,539 0.908 0.325 0.232 0.443 0.441 0.850 0.281  
15 62.9 1.81 86,491 134,362 0.608 0.171 0.424 0.405 0.383 0.567 0.0835  
16 51.5 1.89 5,783 215,070 0.974 0.346 0.206 0.449 0.449 0.885 0.516  
17 152.5 1.88 80,428 140,425 0.636 0.250 0.262 0.488 0.381 0.685 0.0953  
18 145 1.82 76,626 144,227 0.654 0.239 0.4 0.361 0.439 0.678 0.0959  
19 366.6 1.9 14,901 205,952 0.933 0.343 0.211 0.446 0.449 0.868 0.393  
20 71.6 1.78 70,714 150,139 0.680 0.236 0.316 0.448 0.394 0.695 0.097  
21 279.2 1.84 21,301 199,552 0.904 0.335 0.215 0.450 0.442 0.858 0.312  
22 454.5 1.74 80,006 140,847 0.638 0.171 0.338 0.491 0.340 0.697 0.0946  
23 61.2 1.59 100,358 120,495 0.546 0.234 0.483 0.283 0.476 0.490 0.0764  
24 20.6 1.89 24,776 196,077 0.888 0.306 0.270 0.424 0.441 0.839 0.230  
25 19.4 1.85 98,199 122,654 0.555 0.188 0.465 0.348 0.420 0.519 0.079  
26 36.2 1.7 69,864 150,989 0.684 0.197 0.432 0.372 0.413 0.668 0.093  
27 44.8 1.85 66,275 154,578 0.700 0.235 0.412 0.353 0.441 0.734 0.105  
28 25.6 1.64 98,399 122,454 0.555 0.662 0.281 0.057 0.197 0.527 0.076  
29 240.2 1.68 4,640 216,213 0.980 0.304 0.287 0.409 0.448 0.891 0.522  
30 66.9 1.81 42,682 178,171 0.807 0.293 0.281 0.426 0.433 0.798 0.144  
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